The liquidus surfaces and the isothermal section at 1073 K of the pseudo-ternary CaO-Fe 2 O 3 -B 2 O 3 system were determined in a composition range of less than 50 mol% B 2 O 3 using the thermal analysis and X-ray diffraction. The liquidus surface which is in equilibrium with Fe 3 O 4 spreads over a wide composition range and that in equilibrium with Fe 2 O 3 extends long and narrow toward CaOÁB 2 O 3 and then toward B 2 O 3 apex. Temperature of the liquidus surface in equilibrium with Fe 3 O 4 remains above 1473 K in the composition range of less than 20 mol% B 2 O 3 but decreases when the B 2 O 3 content exceeds 40 mol%. The liquidus surface in equilibrium with 2CaOÁFe 2 O 3 extends widely and its slope is steep in the region of less than 10 mol% B 2 O 3 but gentle when the B 2 O 3 content exceeds 15 mol%. Pseudo-ternary CaO-Fe 2 O 3 -B 2 O 3 compounds were not found in the composition range investigated.
Introduction
The amorphous(glass)-crystallization method is very useful to produce ultrafine powders of ferrite magnet materials such as SrOÁ6Fe 2 O 3 and BaOÁ6Fe 2 O 3 (M-type ferrite) from the pseudo-ternary SrO-Fe 2 O 3 -B 2 O 3 and BaO-Fe 2 O 3 -B 2 O 3 systems. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] In previous papers, investigations of the heattreatment of samples prepared by a melt spinning or a water quenching method were conducted and discussions were made on the relation between the kinds of precipitated crystalline phases and their relative quantities, and on the effects of starting composition and cooling rate on the magnetic properties of the SrOÁ6Fe 2 O 3 or BaOÁ6Fe 2 O 3 particles. [14] [15] [16] The particle growth process of the SrOÁ6Fe 2 O 3 was observed using a transmission electron microscope (TEM), and the relationship between the average particle size and the magnetic properties of SrOÁ6Fe 2 O 3 particles was clarified. 17, 18) Phase diagrams are important to study relationships between properties and microstructures of materials, particularly in the case of designing a SrOÁ6Fe 2 O 3 or a BaOÁ6Fe 2 O 3 magnet using the amorphous(glass)-crystallization method. In previous papers, an isothermal section and the liquidus surfaces of the pseudo-ternary SrO-Fe 2 O 3 -B 2 O 3 and BaO-Fe 2 O 3 -B 2 O systems have been determined. [19] [20] [21] [22] Although the phase diagrams of the pseudo-binary CaO- In the present study, an isothermal section and the liquidus surfaces of the phase diagram of the pseudo-ternary CaOFe 2 O 3 -B 2 O 3 system have been determined in a composition range of the B 2 O 3 content less than 50 mol% using the thermal analysis and the X-ray diffraction.
Experimental Procedure
The starting materials used were reagent-grade CaCO 3 , -Fe 2 O 3 and H 3 BO 3 powders. These powders were well mixed to obtain the objective compositions. The mixture was melted in air at 1723 K for 2.7 ks in a Pt crucible placed in an electric furnace, and was directly poured on a steel plate to prepare a specimen. The specimens were then heat treated at 1073 K for 3.6 to 108 ks. Figure 1 The isothermal section at 1073 K and the liquidus surfaces of the phase diagram of the pseudo-ternary CaO-Fe 2 O 3 -B 2 O 3 system were determined by the thermal analysis, differential thermal analysis (DTA), and X-ray diffraction. In the DTA, specimens of about 10 Â 10 À3 kg were heated in air to specified temperatures at fixed heating rate of 0.17 K/s. Al 2 O 3 was employed as a standard sample for the DTA. The temperatures detected by the DTA were compared with known melting points of standard substances, and the differences were within 10 K in both heating and cooling operations.
In order to identify existing phases in the specimens, the Xray diffraction analysis was conducted for specimens prepared under various heat treatment conditions. When a primary phase was hardly identified in the composition range of the high CaO or Fe 2 O 3 content, a rapid quenching method was applied by pouring the molten sample on a rotating twin rollers, and the primary phase was confirmed. The primary phases of 2CaOÁFe
and CaO were identified from the results of the X-ray diffraction analysis using JCPDS Powder diffraction file. In the X-ray diffraction, samples were pulverized to about 50 mm in diameter, and the CuK radiation was used at a voltage of 40 kV and at an electric current of 30 mA.
Experimental Results and Discussion

Isothermal section at 1073 K
According to the experimental results, the isothermal section at 1073 K was determined in a composition range of the B 2 O 3 content less than 50 mol% as shown in Fig. 2 
Vertical sections of phase diagram
Vertical pseudo-binary sections were determined using the thermal analyses and the X-ray diffraction measurements. The relative quantities of the existing phases were estimated from the intensities of the X-ray diffraction patterns and were used to determine of eutectic points. Moreover, the liquidus lines and the eutectic points in the pseudo-binary sections for which only a small number of experimental points were obtained were determined by extrapolating the liquidus lines connecting measured points into the other pseudo-bainary sections so that no inconsistency may occur in the ternary phase diagram. Liquidus Figure 12 shows the (CaO) 0:6 Á(Fe 2 O 3 ) 0:4 -(CaO) 0:6 Á (B 2 O 3 ) 0:4 section (J section). The circles ( ) in the figure represent the reported points. 23, 24) Regions of two phase equilibria of 2CaOÁB 2 
Liquidus surfaces of pseudo-ternary system
The liquidus surfaces of the phase diagram of the pseudoternary CaO-Fe 2 O 3 -B 2 O 3 system were determined according to the results shown in Figs. 3-12 . The resultant liquidus 
For the pseudo-binary CaO-Fe 2 O 3 or CaO-B 2 O 3 system, phase transformations occur at the points e 1 , e 2 , e 3 , e 4 , e 5 , p 1 , p 2 and p 3 in Fig. 13 which are expressed as follows: 
Conclusions
Liquidus surfaces and an isothermal section at 1073 K of the pseudo-ternary CaO-Fe 2 O 3 -B 2 O 3 system were determined in a composition range of less than 50 mol% B 2 O 3 using the thermal analysis and X-ray diffraction. No pseudoternary compound was found in this composition range.
